1. INTRODUCTION {#sec1-1}
===============

Arterial hypertension remains the leading cause of mortality ([@ref1]-[@ref10]). Hypertension causes a large direct and indirect economic burden ([@ref11]-[@ref20]). The positive relationship between arterial hypertension and cardiovascular disease (CVD) risk has been observed in male and female patients of all ages, races, ethnic groups and countries ([@ref1]-[@ref5], [@ref21]-[@ref30]). Hypertension is the most common condition seen in primary care and leads to myocardial infarction, stroke, renal failure, and death if not detected early and treated appropriately ([@ref31]-[@ref35]). The term masked hypertension (MH) should be used for untreated individuals who have normal office blood pressure but elevated ambulatory blood pressure. For treated patients, this condition should be termed masked uncontrolled hypertension (MUCH). Despite major advances in our understanding of its pathophysiology and the availability of many drugs that can effectively reduce BP the available data shows that approximately 70% of hypertensive patients do not reach BP goals. Hypertension continues to be the most important modifiable factor for cardiovascular disease (CVD). Masked hypertension is defined as a normal seated blood pressure (BP) in the clinic or office (\<140/90 mmHg), but an elevated BP out of clinic or office BP, as determined by ambulatory BP monitoring (ABPM) or home BP monitoring (HBPM). Adults with masked hypertension have increased risk of target organ damage and high risk of cardiovascular morbidity because they often remain undetected and untreated. The vast majority of the body of knowledge about hypertension has been built on the assessment of BP by means of the traditional auscultatory measurement at an office or clinic. To improve the assessment of actual 24-h BP levels, techniques for obtaining automated BP profiles over 24 h and BP measurements at home have been developed. Ambulatory BP monitoring (ABPM) is now the gold standard method for evaluating true BP levels, providing a more accurate estimation of true individual BP.

2. RESEARCH OBJECTIVES {#sec1-2}
======================

Masked uncontrolled hypertension (MUCH) has gone unrecognized because few studies have used 24-h ABPM to determine the prevalence of suboptimal BP control in seemingly well-treated patients. There are few and limited data on the quality of treated blood pressure (BP) control during normal daily life, and in particular, the prevalence of "masked uncontrolled hypertension" (MUCH) in people with treated and seemingly well-controlled BP is almost still unknown. This is important because masked hypertension is associated with a high risk of cardiovascular events. This study was conducted to obtain more information about the association between hypertension and other CV risk factors, about office and ambulatory blood pressure (BP) control as well as on cardiovascular (CV) risk profile in treated hypertensive patients and define the prevalence and characteristics of masked uncontrolled hypertension (MUCH) among hypertensive patients in routine clinical practice in whom BP was treated and controlled to recommended BP goals.

3. PATIENTS AND METHODS {#sec1-3}
=======================

In this study 2514 male and female patients were included during a period of 5 years follow up. All patients have ambulatory blood pressure monitoring (ABPM) for at least 24h. We identified patients with treated and controlled BP according to current international guidelines (clinic BP \<140/90mmHg). The collected study variables include: age, gender, weight and height \[obesity defined as body mass index (weight in kg/height in meters squared) ≥30 kg/m2\], duration of hypertension, known cardiovascular risk factors such as tobacco smoking and diabetes mellitus (American Diabetes Association criteria), biochemical values of creatinine and lipid profile, target organ damage(TOD) including urinary albumin excretion (UAE), left ventricular hypertrophy (LVH) (electrocardiographic Sokolow-Lyon voltage and/or Cornell duration/voltage index 2440 mm/ms), and radiological evidence of carotid plaque, and clinical CVD (coronary heart disease, congestive heart failure, or cerebrovascular disease). Renal disease was diagnosed when serum creatinine was 132.6 umol/L in men and 123.8 umol/L in women and/or when proteinuria was present. Details of anti-hypertensive treatment (e.g. drug class, number of drugs, and time of administration) were also recorded. Cardiovascular risk was stratified using the 2016 European Guidelines on cardiovascular disease prevention in clinical practice -- European Society of Cardiology/European Association for Cardiovascular Prevention & Rehabilitation (EACPR), based on clinical BP category, the presence of other risk factors, TOD, or previous CVD for patients with well-controlled office BP. Masked uncontrolled hypertension (MUCH) was diagnosed in these patients if despite controlled clinic BP, the mean 24-h ABPM average remained elevated (24-h systolic BP ≥130mmHg and/or 24-h diastolic BP ≥80mmHg). Ambulatory Blood Pressure Monitoring all patients underwent one ambulatory blood pressure monitoring session using the Boso TM 2430 PC2. The Boso PC2 has satisfies the recommended British Hypertension Society (BHS) and Association for Medical Instrumentation accuracy levels. The monitors were programmed to measure BP at 30 minute intervals from 7am to 10pm and at 1 hour intervals from 10pm to 7am. For all patients we incorporated a participant diary and used it to define sleep and awake periods. Maximum BP measurement time was limited to less than 140 seconds, and the monitors were set for a maximum pressure of 220 mm Hg. Participants were given verbal instructions on wearing the monitor, including that they should try to leave the cuff on during the entire monitoring period, that they should try to hold their cuffed arm as still as possible during a reading to ensure that the monitor would get an accurate reading and that faulty readings would trigger a repeat measurement. The minimum number of readings we accepted as an adequate ABPM session was 18 for awake and 7 for sleep.

4. RESULTS {#sec1-4}
==========

Patients had a mean age of 60.2+10 years, and the majority of them (94.6%) were followed by specialist physicians. Average clinic BP was 150.4+16/89.9+12 mmHg. About 70% of patients displayed a very high-risk profile. Electrocardiogram (ECG) was performed in 99% of patients, echocardiography was performed in 79%, carotid ultrasound and measuring of IMT in 36%, ophthalmological exam and fundoscopy in 66%, and search for microalbuminuria in 21%. Ambulatory blood pressure monitoring (ABPM) was performed in all recruited patients for at least 24h. Despite the combined medical treatment (78% of the patients), clinic control (\<140/90 mmHg) was achieved in only 26.2% of patients, the corresponding control rate for ambulatory BP (\<130/80 mmHg) being 32.7%. From 2514 patients with treated BP, we identified 803 with treated and controlled office BP control (\<140/90 mmHg), of whom 258 patients (32.1%) had MUCH according to 24-h ABPM criteria (mean age 57.2 years, 54.7% men). The prevalence of MUCH was slightly higher in males, patients with borderline clinic and office BP (130-139/80-89 mmHg), and patients at high cardiovascular risk (smokers, diabetes, obesity). MUCH was most often due to poor control of nocturnal BP, with the proportion of patients in whom MUCH was solely attributable to an elevated nocturnal BP almost double that solely attributable to daytime BP elevation (22.3 vs. 10.1%, P\<0.001).

Clinic and 24-h BP controlled hypertensive patients: clinic BP\<140/90 mmHg and 24-h BP\<130/80 mmHg. MUCH: clinic BP\<140/90 mmHg and 24-h BP ≥130/80 mmHg. LVH, left ventricular hypertrophy; UAE, urinary albumin excretion; CVD cardiovascular disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Values are mean ± SD or median (inter-quartile range), or n (%). The prevalence of MUCH was significantly higher in males, patients with borderline clinic BP (130-139/80-89mmHg), and patients at high cardiovascular risk (smokers, diabetes, obesity). Masked uncontrolled hypertension was often because of poor control of nocturnal BP, with the proportion of patients in whom MUCH was solely attributable to an elevated nocturnal BP almost double that solely attributable to daytime BP elevation (22.3 vs. 10.1%, P \<0.001). The most often subtype of MUCH among subjects was both uncontrolled daytime/nocturnal MUCH (61%).

![Patients with subtypes of masked uncontrolled hypertension. Masked uncontrolled hypertension: clinic blood pressure \<140/90 mmHg and 24-h blood pressure ≥130/80 mmHg. Only-24-h masked uncontrolled hypertension: daytime blood pressure \<135/85 mmHg, nocturnal blood pressure \<120/70 mmHg, and 24-h blood pressure ≥130/80 mmHg. Only-nocturnal masked uncontrolled hypertension: nocturnal blood pressure ≥120/70 mmHg and daytime blood pressure \<135/85 mmHg. Only-daytime masked uncontrolled hypertension: daytime blood pressure ≥135/85 mmHg and nocturnal blood pressure \<120/70 mmHg. Daytime--nocturnal masked uncontrolled hypertension: daytime blood pressure ≥135/85 mmHg and nocturnal blood pressure ≥120/70 mmHg.](MA-70-274-g001){#F1}

![Percentage distribution of subtypes of masked uncontrolled hypertension (MUCH) in a sample of treated and controlled hypertensive patients during ambulatory blood pressure monitoring (ABPM).](MA-70-274-g002){#F2}

There were 803 patients with MUCH despite optimal clinic BP control (mean age 57.2 years, 52.4% men), and 1711 patients were identified as having optimal BP control, i.e. with both office and 24-h BP controlled. When compared with the optimal BP control group, MUCH patients were more likely to be male and had a worse CVD risk profile, including higher proportion of smokers, diabetes, higher levels of triglycerides, greater proportion of high estimated CVD risk, and marginally but not significantly higher levels of LDL cholesterol (P =0.065) and higher proportion of TOD (P =0.087) ([Table 1](#T1){ref-type="table"}).

###### 

Clinical features in treated clinically controlled hypertensive patients with and without masked uncontrolled hypertension. \*P-values for association between MUCH patients and patients with both clinic and 24-h BP controlled.
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The percentage of MUCH receiving monotherapy did not significantly differ from those optimally controlled ([Table 1](#T1){ref-type="table"}). Most MUCH patients took their anti-hypertensive medication only in the morning (55.4% vs. 55.1% in those optimally controlled), 11% only in the evening/night, and 39% in both the morning and the evening/night. The percentage of MUCH vs. optimal control patients taking specific drug classes were diuretics 8.3 and 8.1%, respectively (P = 0.594), beta-blockers 14.3 and 18.5% (P\<0.01), angiotensin-converting enzyme inhibitors (ACEi) 27.3 and 26.5% (P = 0.544), angiotensin-receptor blockers (ARB) 20.9 and 20.7% (P = 0.932), calcium-channel blockers 8.3 and 5.1% (P \<0.01), and alpha blockers 1.1 and 1.2% (P = 0.331). Mean daytime and nocturnal ambulatory BP was higher in those with MUCH when compared with the optimal control group ([Table 3](#T3){ref-type="table"}). The absolute difference in nocturnal SBP between both groups was 17.6 mmHg (127.2 vs. 109.6 mmHg, respectively), and 18.1 mmHg in daytime SBP (137.5 vs. 119.4 mmHg, respectively).

###### 

Differences in daytime and nocturnal blood pressure control rate in patients with masked uncontrolled hypertension (MUCH)
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###### 

Differences in office, daytime, and nocturnal BP, as well as circadian pattern distribution, in treated well-controlled hypertensive patients with and without masked uncontrolled hypertension
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Adults with masked hypertension have increased risk of target organ damage and cardiovascular morbidity. The first study to look at the issue of target organ damage was published by Pickering et al. ([@ref6]) in 1999, in which we showed that a group of patients with masked hypertension had a higher left ventricular mass and more carotid atherosclerosis than true normotensives, and thus were similar to true hypertensives ([@ref3], [@ref6]). In adolescents, masked hypertension has been shown to be present in nearly 40% of individuals and these were more than twice as likely to have a parental history of hypertension, and to have a higher ambulatory pulse rate, BMI, and greater prevalence of left ventricular hypertrophy as normotensive individuals. The proportion of MUCH among treated hypertensive patients well controlled in the clinic was 31.9% (95% confidence interval 30.7--32.2%). Possible characteristics of individuals with masked uncontrolled hypertension are: male patients, age 65 years, male sex, stress during the daytime, higher levels of cholesterol or triglycerides and smoking or drinking habits. The prevalence of MUCH was significantly higher in those patients. However, the difference in the prevalence of MUCH according to obesity status, TOD, or previous CVD were only marginally significant or not clinically relevant (absolute differences, 3 mmHg) ([@ref29]). The prevalence of MUCH was not significantly different between patients on one drug vs. those on ≥2 drugs (31.5 vs. 30.4%, P =0.148), and either according to the time of drug administration. Lastly, the prevalence of MUCH was significantly lower in patients taking only beta-blockers (25.3%) and higher in those on only calcium-channel blockers (37.5%) or only alpha-blockers (35.4%). In studies (Obara et al. ([@ref1]), Borbie et al. ([@ref2]), Ungar et al. ([@ref3]) and Mancia et al. ([@ref4]) which evaluating the factors predictive of masked hypertension in multivariate analyses, being male, smoking and high BMI are frequently identified as risk factors.

5. DISCUSSION {#sec1-5}
=============

Worldwide surveys of blood pressure control to targets recommended by national and international guidelines have consistently revealed that in clinical practice the conventional goal of a blood pressure \<140/90 mmHg is reached by only a minority of patients ([@ref27]). Arterial hypertension is associated with a high prevalence of metabolic risk factors, the combination drug treatment is frequently used. Many patients present with a stress reaction when visiting a doctor or nurse, or even when performing a self-automated BP measurement in a medical environment, and show an office BP that may be significantly higher than their BP levels during normal daily activities. Pickering et al. ([@ref6]) proposed the new term relates to masked hypertension (elevated BP at home but not in the office), in preference to the term of "reverse white-coat hypertension" or "isolated home hypertension." Data from 51573 hypertensive patients included in the Spanish ABPM Registry showed that daytime BPs were ≈16/8mmHg lower than office BPs, and this difference reached ≈20/10mmHg when comparing office and 24h BPs. The higher the BP or global cardiovascular risk level, the greater the difference between office and ambulatory BP values, as shown by our group in the comparison between patients with high-risk hypertension and patients with low-to-moderate-risk hypertension ([@ref7], [@ref8], [@ref9]). The results of this study suggest that almost one-third of patients who are considered to have adequate BP control by conventional clinic criteria do not have their BP controlled when assessed by ABPM. Importantly, over one in three patients with borderline clinic BP have MUCH and therefore have a BP that is not adequately controlled. The frequency of MUCH was especially high in patients with major cardiometabolic risk factors or who smoke, all of which identify people who are at higher CVD risk who would benefit most from optimal BP control. The patients with normal office blood pressure but elevated ambulatory blood pressure (defined as "masked hypertensives") clearly have a greater cardiovascular risk, higher than that of patients with "White Coat Hypertension" ([@ref10]). The risks of organ damage and cardiovascular events in patients with masked hypertension are significantly higher than in those with a normal-range blood pressure level or white coat hypertension, being similar to those in patients with persistent hypertension ([@ref5]).

These findings were observed in a large European population of people cared for in usual clinical practice, and the prevalence of MUCH was consistent across the status of cardiovascular risk factors, TOD, CVD, and anti-hypertensive medication. The results suggest that based on the currently recommended use of clinic BP to monitor BP control, physicians will substantially overestimate the number of patients who are truly controlled, leaving many higher-risk patients at excess risk ([@ref12], [@ref13], [@ref15]).

The prevalence of masked suboptimal BP control in patients with treated and well-controlled clinic BP is high. The frequency of MH in HBPM studies ranges from 9 to 37%, and 9 to 21% based on ABPM ([@ref11]). However, HBPM cannot properly assess BP during sleep, and nocturnal BP is a stronger risk factor for TOD and CVD ([@ref12]-[@ref14]). The fact remains that daytime BP measurements alone are insufficient to detect all MH cases. In untreated hypertensive patients, the prevalence of MH ranges from 9 to 14% ([@ref11]). Perloff et al. ([@ref15]) and Verdecchia et al. ([@ref16]) demonstrated the better prognostic value of ambulatory BP monitoring than office measurement in a general untreated population, and Clement et al. ([@ref17]) did so in patients being treated for hypertension.

Interestingly, in our untreated patients the prevalence of MH was 32.7%, a quite similar proportion to that of MUCH. But in general in patients with treated hypertension, the prevalence is less known. The present study thus adds new evidence on the importance of MUCH, particularly nocturnal-MUCH in population of already treated hypertensive patients attended in clinical practice. In our study there is no significant association between the number of drugs taken and the prevalence of MUCH, consistent with some studies ([@ref18]). Also no statistically significant or clinically relevant associations between MUCH and time of drug administration either. Table 5 shows the prevalence of MH and MUCH in several studies from Spanish APBM Registry, so we can conclude that the prevalence of MUCH in our study 31.9% is similar to the previous published studies.

The demographic and clinical characteristics of patients with MH and MUCH are poorly defined ([@ref19]) indeed, few large studies has previously focused on patients with MUCH. Available 24-h ABPM-based studies have identified high-normal clinic BP, age, smoking, obesity, diabetes, proteinuria, and high CVD risk associated with MH ([@ref21]-[@ref23]). In our study we have identified the clinical profile of MUCH patients as more likely to be male or obese, smokers, or those with diabetes, high cholesterol and triglycerides. Unfortunately, pathophysiological mechanisms responsible for MH are still unknown. Nevertheless, it is notable that clinic heart rate was marginally higher in MUCH patients than in controlled patients (74.4 and 72.3 b.p.m., respectively, P =0.009), and in particular there was a statistical trend in MUCH patients with diabetes (75.4 vs. 74.3, P = 0.08). This may suggest an increased sympathetic activity in some patients with MUCH, consistent with findings reported in detail by Grassi et al. ([@ref24]). However, further research is needed. The MUCH is most often because of nocturnal hypertension is important because nocturnal BP has been strongly linked to CVD morbidity and mortality and nocturnal hypertension can only be detected by ABPM ([@ref25]-[@ref28], [@ref39])

6. CONCLUSION {#sec1-6}
=============

Arterial hypertension remains the leading cause of mortality. Hypertension causes a large direct and indirect economic burden. The prevalence of masked uncontrolled hypertension (MUCH) in patients with treated and well-controlled clinic BP is high. Clinic BP monitoring alone is not adequate to optimize BP control because many patients have an elevated nocturnal BP. The characteristics of patients with MUCH (male, longer duration of hypertension, obesity, smoking history, and diabetes) indicate that this is a higher-risk group with most to gain from improved BP. An important determinant of MUCH is poorer control of nocturnal BP. Moreover, nocturnal BP is increasingly recognized as a strong predictor of risk in many studies of ABPM.
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